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Introduction
Covering a large range of software products supporting day-to-day business operations and decision-making, company-wide suites of business software, namely enterprise systems in short, are devoted to particular process integration across the value chain. The three main enterprise systems, Enterprise Resource Planning (ERP), Supply Chain Management (SCM) and Customer Relationship Management (CRM), are widespread throughout many industries in numerous areas around the world. The purpose of these systems is to automate operations from supply management, inventory control, manufacturing scheduling, sales force automation and almost any other dataoriented management processes. SAP, the largest global enterprise software vendor, estimates the complete market for core enterprise applications including ERP, SCM and CRM in 2008 at nearly $39 billion [31] .
In general, enterprise systems ought to replace the firms' legacy software systems, which are usually poorly connected and spread out all over the firm. In addition, improvements in operational integration realized through enterprise system adoption can affect the entire organization.
Therefore, ERP and SCM systems might positively foster innovational activity as they reduce idle times and save data mining or identify bottlenecks and shortages, thus providing information for process enhancements. With the firm-wide database updated in real time, which both systems provide, the effects of process innovations can be directly pictured, compared and controlled. CRM systems, on the other hand, yield a database of customer preferences, which can be a useful source for product innovations.
Although the usage of information and communication technology (ICT) applications in general is
suspected to enhance firms' innovational performance [22] , the potential impact of enterprise systems on innovational performance in particular is still not investigated. The literature in this field is scarce, offering only a few studies which examine the benefits of enterprise systems for innovational activity. Empirical evidence on the basis of firm-level data covering this topic is still lacking at present. Therefore, this study aims to provide the first empirical evidence of the impact of adopting any of the three main enterprise systems on firms' innovational performance. In order to achieve useful results, the present study relies on a unique database consisting of German firms from the manufacturing industry and from service sectors.
Using a two step approach the results provide first evidence of innovational activity fostered through enterprise system usage. The adoption of ERP and SCM systems increases the propensity to realize process innovations. In addition, ERP system usage has a positive impact on the amount of acquired process innovations. These impacts are not only short-term based, in fact they stay also stable in the long-run of two to four years. The usage of CRM systems, on the other hand, does not have an impact on process innovations but positively impacts the propensity to realize product innovations, although this impact only holds on a short-term basis of two years or less.
The paper proceeds as follows: Section 2 gives an overview of the appropriate literature covering the benefits of enterprise systems in general and their potential effects on innovational performance in particular. Section 3 pictures the estimation approach whereas section 4 presents the dataset. Section 5 contains the estimation results. Concluding remarks are given in section 6.
Methodological and theoretical Framework

Benefits of Enterprise Systems in general
Replacing complex interfaces between different systems with standardized cross-functional transaction automation, ERP systems use a source of data that integrates enterprise functions such as sales and distribution, materials management, production planning, financial accounting, cost control and human resource management [1] . An ERP system is expected to reduce order cycle times, which in return might lead to improved throughput, customer response times and delivery speeds [8, 25] . Due to automated financial transactions, cash-to-cash cycle times and the time needed to reconcile financial data at the end of a quarter or year can be minimized [23, 24] . The ERP system collects all enterprise data once during the initial transaction, stores the data centrally and performs updates in real time. The standardized firm-wide transactions and centrally stored enterprise data will also greatly facilitate the governance of the firm [26, 32] .
IT-based SCM systems coordinate and integrate the complete flow of information, materials and finances and improve operational as well as business planning [10] . The real-time planning capabilities of SCM systems enable firms to react quickly to supply and demand changes [18] , serving customers in a timely and comprehensive manner [4] . By reducing inventory levels, holding costs, spoilage and lead times, SCM systems can directly improve inventory management and increase profitability through a reduction of costs, avoiding lost sales and improving customer satisfaction [4] . Lower coordination, sales, general and administrative costs, improved decisionmaking and forecasting are additional benefits generated through SCM system usage [10] . Based on its ability of information sharing, collaborative planning and forecasting replenishment, a SCM system will also lead to improvements in decisions on order quantity, lowered time and costs of order processing or increased order frequencies combined with reduced lead time.
Providing the appropriate infrastructure, e. g. enabling effective sales force automation, centralized customer data warehousing and data mining paired with decision support and reporting tools, CRM systems facilitate the development of long-term relationships with customers [21, 34] . A CRM system is also expected to lead to superior customer loyalty, reduced cost of sales and services or improved bottom-line profits [5] . It reduces duplication in data entry and maintenance by providing a centralized firm-wide database of customer information, capturing all their needs and wants. In addition, this database replaces systems maintained by individual sales people, institutionalizes customer relationships and prevents the loss of organizational customer knowledge, when sales staff leaves the firm [18] . The database might also reduce costs via streamlining repetitive transactions and sales processes [7] .
Effects of Enterprise Systems on Firms' innovational Performance
Enterprise systems might affect the firms' innovational performance through different channels.
First of all, enterprise systems foster further innovations directly based on the benefits they provide.
The firm-wide database generated and updated by the ERP system, for example, provides every employee with necessary data in real-time, thus making data-mining obsolete and enabling the workers to be more innovative and flexible [9] . ERP systems are also expected to provide strategic benefits and build additional business innovations, for example by enabling new market strategies or building up new process chains [33] . Using a SCM system all departments receive in time information about the resources necessary, therefore bottlenecks and idle time should be reduced to a minimum. Both systems together generate a suitable and more flexible [10, 25] working environment and, with product lifecycles and resource usage shown in real-time, room for process improvements and innovations should be easy to identify. In addition, with the firm wide database updated in real time, the results of the innovations can be directly pictured, controlled and compared, providing even more room for improvements. A CRM system, on the other hand, might be particularly useful for successful product innovations as its data offers a complete picture of the customers' wants and needs. In general, this knowledge of customers' preferences is expected to shape the firms' innovation success [20] . Therefore, firms with CRM systems in use should experience significant advantages in product enhancement and design as they can stick to a rich database of customer information and adjust their production accordingly.
Besides direct effects, enterprise systems might also indirectly increase innovational performance as the systems may foster the introduction of some organizational enhancements which have been proven to facilitate the generation of more innovations. [36] proclaims that business units are more innovative once they reach a more centralized network position that enables them to access new knowledge generated by other units faster. Enterprise systems fit perfectly into this context as in particular ERP enhances the intern network capabilities of the firms by providing a centralized database with access for every employee and business unit and fastening connections between them.
As the communication between the units is accelerated with an ERP system in use, the innovational activity of the firm might, according to [36] , also increase. [6] show that firms generate more innovations with established upstream, respectively downstream, contacts to suppliers and customers. [29] support this argument as they emphasize the great value of backwards and horizontal knowledge linkages for process innovations. With their focus on communication with suppliers and customers, SCM and CRM systems are expected to maintain current and generate new upstream and downstream contacts far easier, generating more knowledge linkages in the process. Consequently, firms with SCM and CRM systems in use have access to a large pool of knowledge, which will, according to [6] and [29] , be helpful to create more innovations.
Research methodology
Knowledge Production Function
The present study will be based on an innovation respectively knowledge production function as introduced by [14] . The basic assumption is that the output of the innovation process represents a result of several inputs linked to research and ongoing knowledge accumulation, such as, e. g., capital, investment or human capital [13] . [30] augment this function with even more inputs like enterprise characteristics, firm resources and organizational capabilities to take the different routes through which knowledge might influence the firms' innovation activities into account. In addition, I include enterprise systems in the knowledge production function, providing first insights of the relationship between enterprise system adoption and the firm's innovational activity. To summarize, the probability that a firm will generate either product or process innovations is given by (1) y i * = X i 'β 1 + ID i 'β 2 + ES i 'β 3 +ε i y i = 1 if y i * ≥ 0; y i = 0 otherwise, where y i stands for the ith firm's product or process innovation respectively. X i covers firm characteristics expected to impact innovations activity, e. g., size, capital, ICT capital, human capital and East German heritage. ID i includes the control dummies for industry sectors and ES i contains the enterprise systems used by firm i.
Innovation Intensity
As the selection equation (1) shows to which extent enterprise system usage foster the firms' innovation propensity, the next consecutive step will be to reveal the impacts of enterprise systems on innovation intensity, measured, e. g., by the number of innovations realized in the firm. The innovational intensity can be specified as
where z i * is the unobserved latent variable accounting for the ith firm's process respectively product innovation intensity. Z i is a set of determinants expected to affect innovation intensity and contains, in general, the same variables as in equation (1). As above, ES i pictures enterprise system usage of firm i and ID i contains the industry control dummies.
Estimation Procedure
Estimating equations (1) and (2) via maximum likelihood, count data methods have to be used for inference as the innovation intensity is measured by the number of realized innovations in this study. Taking the possible selection into account, I consider both the hurdle and the zero-inflated model which allow for a separate treatment of zeros, i. e. non-innovators, and strictly positive outcomes [38] . Comparing both model types, the zero-inflated model differs from the hurdle-model in that, with p i =P(y i =1), z i =z i * for the full range of z i * and not just for strictly positive values. The appropriate model for the present dataset will be chosen in section 5 based on usual model selection criteria. Both models can either be based on the Poisson or the negative binomial distribution.
Allowing for overdispersion, frequently occurring in applied economics, the negative binomial distribution seems to be the more reasonable choice in the present analysis. In the following, the appropriate distribution will be selected based on a likelihood-ratio test 1 .
The Data
The dataset used in this study results from two computer-aided telephone surveys conducted in and firm size on all enterprise that ever applied for a bank credit. The selection from the population of German firms was stratified according to industries (seven branches of the manufacturing 1 Both proposed models assume at least conditional independence between the selection process (1) and the count process (2) . I acknowledge that this simplification can be relaxed by using the endogenous selection model proposed by [35] . However, the endogenous selection model, although theoretically identified by its functional form [27] , should rely on exclusion restrictions to produce credible outcomes. As the current dataset does not provide a suitable exclusion restriction, I pass inference based on the endogenous selection model on to further research with new data and stick to the zero-inflated and hurdle models to establish a baseline.
industry and seven selected service sectors), to three size classes and to two regions (East/West Germany) and. There have been asked as many firms as needed until all strata were filled.
Besides detailed information on the usage of several other ICT applications, the dataset provides the usage level of the three main enterprise software applications ERP, SCM and CRM. The possible level of usage in the questionnaire was none, minor or complete. For this study, I built a dummy variable for the use of each software application which takes the value one if a firm uses the software at least to a minor degree or completely and zero otherwise survey began in April, this source of endogeneity bias should be rather small but despite that, the results should be interpreted carefully. In the following section, the potential size of this bias will be checked via auxiliary regressions. The estimation procedure using enterprise systems reported in 2004 can only capture short-term innovational effects of a time space covering two years or less between the realized innovation and the enterprise system adoption. Therefore, the additional auxiliary regressions will also focus on revealing any long-term innovational impacts of enterprise systems.
Suffering from panel mortality and a large proportion of item-nonresponse, matching the data for the two periods returns nearly 1,100 observations. After dropping the banking sector As there is no data available to measure the firms' physical capital stock, I follow, e. g., [15] by using the gross investment figures as an empirical proxy for the capital stock in the knowledge production function. In addition, Table 1 also contains the descriptive statistics for the industry affiliations and the location in the east respectively west part of Germany for the firms in the final sample.
------Insert Table 1 The mean share of workers mainly using a personal computer for their work, as a proxy for the ICT intensity of the firm which is suspected to positively affect a firms' innovational performance, e. g.
[17], amounts to around 47 percent in the used sample. Human capital is measured via the share of highly skilled workers, including degrees from university and technical college, and the share of medium skilled workers, including finished apprenticeships, in-firm trainings or technical degrees.
The mean share of highly skilled workers amounts to around 23 percent in the given sample, for medium skilled workers it results in about 56 percent. The certification of the International Organization of Standardization (ISO) indicates that a firm applies an international standardized strategy in building new products or using new processes. Being ISO certificated values the projects of the certificated firm and, in general, makes them comparable to projects worldwide. In the literature, ISO certification is argued to positively affect innovations to some extent, e. g. [3, 28] , making it a viable choice as a control variable in the present study. Around 44 percent of the firms in the used dataset are ISO certificated. Nearly 27 percent of the firms are located in East Germany.
Enterprise systems are widely spread in the used sample, only around one quarter of the firms reports no enterprise systems at all. Especially common is the use of ERP, around 64 percent of the observed firms rely on this system. SCM systems are adopted from around 43 percent of the firms and about one half of the firms use CRM systems. All three enterprise systems together are employed by around 28 percent of the firms. Examining the industry affiliation of the firms, the biggest share, of around 12 percent, conducts business in metal and machine construction, only a few belong to the automobile or chemical industry (5 respectively 6 percent). Table 2 reports the descriptives for a group of additional organizational dummy control variables which I expect to positively influence the firms' innovational performance. As shown in [17] , the firms' innovation activity is not only influenced by the usage of ICT but also positively affected by certain organizational factors which allow for more employee flexibility. To capture the potential influence of these factors on firms' innovational activity, I include five organizational practices as controls in the estimation procedure. These organizational variables report if a firm has established accounts for working hours, uses job rotation, quality circles or relies on units with own cost and result responsibility or self dependent working groups. The percentage of firms which apply these practices varies from nearly 70 percent using accounts for working hours to 19 percent using job rotation techniques.
------Insert Table 2 about here ------To firstly offer descriptive evidence for potential impacts of enterprise systems on innovational performance, Table 3 shows additional statistics of the firms using enterprise systems. In addition,
there lies a specific focus on the group of firms using no enterprise systems at all or the full suite of the systems. Comparing the average innovational performance for each group with the entire sample means reported in Table 1 , it is easy to see that once the firms use enterprise software, every innovation measure exceeds the sample mean slightly. Firms which use all three enterprise systems together show the highest mean values. In contrast, using no enterprise system at all results in values lower than the sample mean. This result may be viewed as a first clue pointing to the suspected positive impact of enterprise systems on innovational performance. However, it does not provide any descriptive evidence for highly different impacts of specific enterprise systems on one type of innovations as argued in section 2. CRM users do not show higher mean values concerning product innovations and the mean values of ERP or SCM using firms are only slightly higher than those of CRM users in the case of process innovations.
------Insert Table 3 about here ------
Empirical Results
Model Selection
As the first step of the estimation procedure a model which will be used in the given estimation setup has to be chosen. In doing so, the model selection is based on the three usual criteria, the log likelihood ratio, the Akaike and the Bayesian information criterion. According to [15] , a bivariate model should be used for process and product innovations but the hypothesis of independence of both error terms, given the used covariates, is not rejected in the current dataset. Therefore, two separate models will be used for inference. In the following estimations, I use two specifications, one parsimonious specification without the mentioned additional organizational control variables and another one capturing the impacts of these control variables as well. For the estimation of the selection equation (1) I choose a probit 6 model. Table 4 reports the criteria for the possible model choices based on the parsimonious specification as including the additional organizational control variables only changes the magnitude of the criteria slightly. Examining Table 4 , it is easy to see that the negative binomial hurdle model performs best in all three considered categories for process as well as product innovations. In addition, a likelihood ratio test evaluating the Poisson model (dispersion parameter alpha = 0) against the negative binomial distributed alternative given the employed covariates rejects the hypothesis of Poisson distribution usage in favor of the negative binomial distribution for all considered model types significantly at the one percent level. However, the Vuong-Test [37] of the zero-inflated against the hurdle model favours the zero-inflated model for process as well as product innovations with a test statistic significant at the one percent level. As
Monte Carlo experiments evaluating the test and the other selection criteria in a negative binomial model setup are still lacking at the moment, the model choice becomes somewhat arbitrary. 6 A logit specification could also be used to estimate equation (1) . However, as the results are virtually the same compared to the ones obtained from the probit approach they are not pictured in this study.
However, as the zeros of the underlying count process are directly identifiable in the present dataset, I stick to the frequently used hurdle model in the current analysis 7 .
------Insert Table 4 about here ------ Table 5 reports the average marginal effects for the first part of the hurdle model containing the probit estimations 8 of equation (1) and pictures the mentioned short-term relation of two years or less for both process and product innovations. Column (1) and (2) of Table 4 display both specifications, the parsimonious one and the one including the organizational control variables, for the propensity to generate process innovations. The last two columns picture the results for both specifications concerning product innovations. As this study focuses especially on the impacts of enterprise systems on innovational performance, I will discuss other factors influencing innovational activity only briefly.
Short-Term Impacts of Enterprise Systems on Innovation Propensity
The estimation for process innovations shows that ERP and SCM system adoption, as expected, significantly increase the probability to generate process innovations. CRM system usage, on the other hand, shows no impact at all. These results hold also if the specification with all additional control variables is applied, although the coefficients of ERP and SCM decrease in size and the coefficient of SCM decreases one level in significance. For instance, the estimate of 0.109 in Column (2) of Table 5 indicates that the probability to realize process innovations is related to an increase of nearly 11 percentage points if the firm adopts a SCM system. For the adoption of an ERP system, the increase amounts to around 8 percentage points. Considering the other coefficients in Column (2), being a previous process innovator and using quality circles stand out in showing the highest values and significance levels, indicating a high positive impact on the likelihood to generate process innovations. An acquired ISO certification also seems to affect the probability to acquire process innovations positively, although only in the parsimonious specification. The share of highly skilled workers, on the other hand, shows a significantly negative impact on the probability to realize process innovations. This puzzling negative impact seems to account for the case that in contrast to product innovations, process innovations might in general not be initiated by the highly skilled workforce but by low to medium skilled workers working directly in the production process 9 .
The short-term impacts of enterprise systems on the probability to acquire new product innovations differ completely compared to the impacts on process innovations. ERP and SCM systems, as expected, seem to have no effect on firms' product innovational performance. Although based on a low significance level, CRM systems usage on the other hand shows a positive impact on the probability to acquire product innovations. This impact stays robust even if one controls for additional organizational practices. Considering the other coefficients in both columns, only being a product innovator in the last period and the share of highly skilled workers show a positive and highly significant impact on the likelihood of generating product innovations. An ISO certification also seems to positively affect the probability for product innovations as its impact turns out to be significant in the parsimonious specification. However, controlling for the firms' organizational practices, this impact vanishes. In addition, the propensity to acquire new product innovations seems to be positively affected by increases in gross investment figures, although the coefficient is based on a low significance level in both specifications.
------Insert Table 5 about here ------ 9 In the current dataset this relation seems to hold as the spearman correlation coefficient between product innovations and highly skilled workers amounts to 0.25 significant at the one percent level compared to a slightly negative but non-significant coefficient between process innovations and highly skilled workers. Table 6 reports the estimation results of equation (2) for both specifications and process as well as product innovations. As in Table 5 , the first two Columns (1) and (2) picture the results for process innovations, the last two Columns capture the results for product innovations. Having in mind the impacts from enterprise systems on the propensity to innovate pictured in Table 5 Having the estimates of the first part of the negative binomial hurdle model in mind, the results of Table 6 confirm, as expected, that both process orientated enterprise systems, i. e. ERP and SCM, have no impact on the intensity of product innovations. Surprisingly though is the non-existence of an impact due to CRM system usage. All three enterprise system coefficients turn out to be insignificant in both specifications, as shown in Column (3) and (4) of Table 6 , indicating no impact of enterprise systems on product innovation intensity at all. Moving on to the other coefficients, only firm size and the usage of self dependent workgroups show a positive and significant impact on the intensity of product innovations.
Short-Term Impacts of Enterprise Systems on Innovation Intensity
In addition, the dispersion coefficient alpha stays highly significant throughout all four columns of Table 6 . The magnitude of these particular coefficients indicates a high overdispersion in the data and therefore strengthens the choice of the negative binomial distribution against the alternative of an underlying Poisson distribution. The overdispersion turns out to be larger in the case of process innovations.
------Insert Table 6 about here ------
Long-Term Impacts and Robustness Checks
To identify potential long-term impacts and ensure the validity of the results so far, I apply additional regression procedures 10 . Besides revealing long-term influences of enterprise systems on innovational activities, these checks also provide information concerning the size of the possible endogeneity bias mentioned in section 4. In the first step, the estimation procedure is completely Based on these results it seems that the adoption of ERP as well as SCM systems positively impacts the innovational performance of firms not only in the short-but also in the long-run. This indicates that the impacts of ERP and SCM reported in the short-run analysis might even be underestimated as a part of the impacts is only realized after a few years have passed and accordingly not captured in the short-term analysis. In addition, the enterprise systems used in this study are nowadays quite old (5 to 7 years) and there is no information about updates available. Thus, it may be the case that up to date enterprise systems provide even more functions to improve the firms' innovational performance.
Conclusion
Enterprise systems are nowadays widely spread among different industries around the world.
Although it is argued that enterprise systems increase firm performance, e. g. [1, 11, 19] , their impact on innovational performance is at the moment only suspected. Empirical evidence concerning a relationship between enterprise systems and innovational performance is still missing at present.
The current study aims at filling this gap by empirically exploring the impact of the three main enterprise systems ERP, SCM and CRM on the innovational performance of firms for process as well as product innovations. Using a two step approach the results indicate a positive impact of ERP and SCM systems on the propensity to generate process innovations. The adoption of an ERP system also positively affects the numbers of realized process innovations. These results are not only short-term based but remain also stable if a long-run perspective is taken into account. The usage of CRM systems, on the other hand, does not have an impact on process innovations but positively impacts the propensity to realize product innovations on a short-term basis.
The results reveal a new aspect of benefits through enterprise system usage as besides expected productivity and efficiency gains enterprise systems might also foster the firms' innovational performance. Especially the increased process innovational performance due to ERP and SCM adoption might, in the long run, even cut down costs for the firm in a larger amount overall compared to the investments in enterprise systems. Therefore, managers should not only focus on costs and potential performance benefits in general when deciding to buy or upgrade enterprise systems.
Expected to significantly drive innovational performance, a potential short-coming of the analysis is the absence of an R&D measure as an explanatory variable. Without controlling for R&D intensity, all coefficients tend to be biased upward. Although the survey in 2007 contained R&D investment for 2006, I decided not to include it in the estimation procedure as this variable would introduce additional bias in the result as mentioned in section 5. However, the potential bias due to omission of R&D should be rather small in the present study due to inclusion of the complete investments figures of the firms in 2004, as this variable also contains the complete R&D spending in that year.
Also of concern, as the current study contains short-and long-term perspectives, is a timing issue.
The current dataset offers no way to control for the age of the enterprise systems in use as the purchase time was not asked for. In line with that, there is also no information concerning the firms' legacy system usage and potential implementation problems. Future availability of new data may provide evidence even for these cases.
Although there is no suspicion, no case study evidence and neither a theoretical argument that a complementarity relationship among the enterprise systems, as shown for their impact on labor productivity in [11] , could foster the innovational impact of enterprise systems, an effect based on potential complementarity cannot be ruled out completely. However, as the current analysis forms a starting point concerning the relationship between innovational performance and enterprise systems, revealing any complementarity aspects was no aim of this study and is accordingly passed on to future research. 
Appendix I -Main Analysis
